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wa  Mission Operations Elements

1. First ‘Day’ of operations using Ground-based Ops
2. DSN and Direct Ku-Band available for up and down

3. Transition to Lights Out Automation for Engineering
Monitoring and Goal-based Science
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sasa TAZ Fully Deployable Satellite Dish

L
g

AZ Specifications

e 2.8 Meter Deployable KU Band Satellite
Dish

- 10 De Dleyable weatherproof Cases

» Maximum bandwidth capacity(current
modem is the limiting factor)
. ApproximateTy SMbps ellites capacity is
45Mbps) Down . B NN
. Approxmately 1 BMB ‘ \.

:\.



*ﬁﬂ Advanced Mission Operations Systems

Scope: Ensemble/MCT are open platforms for the development, integration, and
deployment of mission operations software based upon the Eclipse IDE. Java-based
Eclipse IDE is a opensource platform for Tool development.

- Multiple teams from various NASA centers developing Eclipse plug ins and
extensions (ARC, JPL, etc) S

-"—' &

Deliverables

Deliver first wave of baseline mission tools based on
Eclipse RCP (opensource Java IDE)

« MER downlink analysis tools (JPL/Ames)
* Phoenix Science Interface (Ames/JPL)

Integrate existing additional tools with near-term S e— | oo s rsron
mission pull -

* Viz 3d visualization environment
* GIS based system (Worldwind)

Extend tools for later missions such as Small Sats
 Distributed planning and scheduling
* Remote telemetry display and analysis
* Model-based diagnosis systems




A Ensemble Project

Ames Human System Integration, and Intelligent Systems
Divisions, and JPL’s Division 31 all jointly developing tools

Compatible Ensemble

00:06:53 13.13kwh < 1Mb

Op S CO m p onen tS 00505553 13.13kwWwh < 1Mb




NASA Broad Participation of Toolkits

We can bring many existing tools to mission operations, reducing risk and cost.

SPIFe

Activity Planning

Maestro

Image Browsing, Targeting

‘\~
Telemetry ‘ \
RoverWare - Europa 2
Plugins - Planner

(MAPGEN)

Robonaut

Related Plan Advice/

Generation

APCore

(APGEN/MMPAT)

SEQGEN
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PIFe Plan Interface

File Edit - Plan - Search Run ‘Window Help
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[ *kurien-test-plan-10-13-2006: 13077-13078 52

=0

Sol 13077 02:01:13 Crulise O Cruise 1
Sol 13077 08:39:36 60 minutes

] 1moo 14,00
F Activity Groups

LIIDFI_’IZoom: 1"= Ilhour 'I

18:00 19:00 20:00 21:00

Cruise Phase 1
Cruise Phase 2

¥ Activities

4) Which effects

Cruise

duration and other

Entry Descent Landing
Surface: APKS

Surface: CPU

Surface: Housekeeping
Surface: PanCam

resources

S|

Sol 13077 08:03:39

>

Merge [Timeline J

=0

(D Detai

@ TCM 1

Mane JTcm1

Uplink Pricrity |0

Start Tire | Sol 13077 08:59:36
Duration 00:08: 00

Sequence ID |

Type TCM
Cakeqgory Cruise

Motes I
Scheduled

Mame | start TOS | End TOS
 ame

Ordering | Start Time |Pri.| Durakion | Energ |Critical Datal Total Dat:

= (&) Cruise Phase 1
Cruise 1
[E (&) Cruise Phase 2

O Cruise 1

1

Sol 13077 07:59... 0 01:00:00 1}
Sol 13077 02:01:13 0 01:00:00
1] 01:08:00

01:00:00

subrorat (1 sy | L) WeE create activities
fiotsl by dragging them

_ 00:08:00
Sol 13077 07:57... | _ 020800

|
I:ﬂerge Timeline| tO the Worksheet

@ Ackivity Dickionary = O [[#** Constraints 52

Activities | sequences |

@TCM 1

E-i= Cruise
. Cruise Mo time-of-sol constraint.

Entry_Descent_Landing
&) DE-OREIT BURN
O POWERED DESCEMNT

* this node must end at the same time as the
skart of Cruise 1,

@ Plan Advisor 53

Europa constraint manager

The constraints are satisfiable,

Mo kemporal violations,

O STABILIZATION

surface: APKS 2) We can Capture
constraints

between activities

E-G= Suwface: PanCam
: O PanCam Mosaic

Iactivity name ¥ l

Mo Flight: rule violations,

CES

Critical Data -0-
Duration 00:08:00
Energy 1]
Mon-Critical Data -0-

Tokal Data -0-

Arguments

nominal_duration |DD:DB:DD

Stabilization_Type IRCS Thrusters - l

3) We set parameters
of the activity

J @Europa J




SPIFe Plan Interface

File Edit - Flan - Search Rum  ‘Window Help
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[ *Kurien-test-plan-10-13-2006:13077-13078 52 =08 M
Sol 13077 09:07:28 Plan End Mo activities after
1afi r]z :1"=|1h -]
S0l 13077 10:05:52 60 minutes @ Cruise 1 1l a1 2] zeom = @TCM1
1 1z 14:00 16:00 17:00 18:00 19:00 20:00 2100 2z
b Activity Groups i . I:
Cruise Phase 1 2) Which impacts resources and ; ;

Cruise Phase 2

W Activities : ConStrainFS' Here the trajeCtory Start Time |So| 13077 08:58:23
Cruise correction now overlaps a

Duration 00:16:00
Entry Descent Landin i R
Surfgce: APHS . cruise Segment Sequence [0 |
Surface: CPU - - - 1
Surface: Housekeeping i i i i i L! Tvpe g
SiwFarar Damianm ). i H H H H H H H v| Category Cruise
S0l 13077 10:58:50 [« > T |

Merge lTimeIine ]
Scheduled

Mame JTem1

Uplink Priority |0

[ Kurien-test-plan-10-13-2006:13077-13078  £3 =0

CES

Mame | Start TOS | End TOS | Ordering | Start Time | Fri. I Durakion | Energ | Critical Data | Total Dat:
E @) Cruise Phase 1 S0l 13077 07:59.. 0  01:00:00 0 -0- Critical Data -0-
O Cruise 1 S0l 13077 08:01:13 | 0 01:00:00 -0- -0- Duration 00:16:00
= (@ Cruise Phase 2 1} 01:16:00 -0- Energy o
O TCM 1 Sol 13077 08:58:23 0O o0:16:00 -0- Mon-Critical Data -0-
O Cruise 1 Sol 13077 09:07:25 0 01:00:00 -0- Tatal Data -0-

Arguments

niominal_duration |DD:DS:DD

Stabilization_Tvpe IReaction_WheeI 'l

RiC5 Thrusters

Re e
4| -

Subtotal: {1 ackivity) _ 00:16:00
T?tal: Sol 13077 07:57... | _ 02:16:00 ]_) Trades between
A

Merge | Timeline | design choices
@ Activity Dictionary @0 Copstrainks &8 @ Plan Advisor &3 are ea‘S”y made

Activities | sequences | DTCM 1 Europa constraint manager
El= Cruise -

Mo time-of-sol constraint. The constraints are satisfiable.

2 temporal violations,

The end of Cruise Phase 1 is after the start of Cruise Phase 2, The start of Cruise Phase 2 should be no
earlier than the end of Cruise Phase 1.

= Entry_Descent_Landing * this node must =nd at the same time as the
O DE-OREIT EURM skart of Cruise 1.

O POWERED DESCENT
O STABILIZATION
= Surface: APXS
) APws_INTEGRATE
(= Surface: CPU

@ cru_on 3) Problems are

(= Surface: Housekeeping immediately reported.
UHE_COMM

== Surface: PanCam
O PaniCam Maosaic

The end of TCM 1 and the start of Cruise 1 are different. They should be simultanecus.

Mo Flight: rule violations,

They can be fixed manually
Iactivity name 'l or by the SOftWare

| @Europa J




File Edit - Plan - Search Run  Window Help
KRR =N R S AR LN
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Sol 13077 09:07:28
Sol 13077 10:05:52 60 minutes

| 1m0

Plar End

P Activity Groups

[ *kurien-test-plan-10-13-2006:13077-13078 &2

|

Mo activities after
Cruise 1

14:00

illofl_’lZoom:l"= Ilhour 'l

20:00 21:00

Cruise Phase 1
Cruise Phase 2

e s—

W Activities

Cruise

Entry Descent Landing
Surface: APKS
Surface: CPU

Surface: Housekeeping
Surface: PanCam

|

Sol 13077 10:58:50

2

Merge | Timeline

i} Kurien-test-plan-10-13-2006:13077-13078 2

|

D Detail

@TCM 1

Mame JTcm1

Uplink. Priority | 0

Start Time | Sol 13077 05:59:36

Duration 00:16:00

Sequence ID I

Twpe
Category

TCM
Cruise

Motes |
Scheduled

Mame
—

| start TOS | End TOS

| COrdering | Start Time |Pri.|

Duration | Energ |CriticaIData| Total Dat:

[El (&) Cruise Phase 1
Cruise 1
= (@ Cruise Phase 2
2 Tam 1

O Cruise 1

41

Sol 13077 07:59... 0O
Sol 13077 05:01:13

01:00:00 1] -0- -0-
o 01:00:00 -0- -0-
o 01:16:00 -0- -0-

Sol 13077 05:59:36 0

Sol 13077 0%:15:11 . 0

00:16:00 -0- -0-
01:00:00 -0- -0-

Subtotal: {1 activity)
Tokal:

|

00:16:00

Sol 13077 07:57... 0z:16:00

Merge] Timeline |

@ Ackiviky Dickionaty

Activities | Sequences |

Ell= Cruise

(= Entry_Descent_Landing
7} DE-OREIT BURN
O POWERED DESCEMT
O STABILIZATION

== Surface: APXS

&) AP¥S_INTEGRATE

(= Surface: CPU
& cPu_on

= Surface: Housekeeping
& UHF_comm

= Surface: PanCam
O PanCam Mosaic

Iactivity name ¥ I

@50 Constraints &5
@ TCM 1
Mo time-of-sol constr aint,

* this node must end at the same time as the
start of Cruise 1.

T—

Europa constraint manager

The constraints are satisfiable.

Mo temporal violations.,

Mo Flight rule violations,

CES

Critical Data -0-
00:16:00
Energy u]
Mon-Critical Data -0-

Total Data -0-

Duration

Arguments

niominal_duration |DD:08:DD

Stabilization_Type IReaction_WheeI 'l

J QEuropa J




File Edit - Plan - Search Run  ‘Window Help

| <2 | | - - lrs |- | 7 | BB | Q- | Direct - | RefreshPlan (&

[E Kurien-test-plan-10-13-2006-version-4:13077-13078 E:@h\\_ = = 0 Detall ™
Sal 13077 09:00:13 Activity Group 1 @) Cruise Phase 2 q i
= toft | zoom:1"= | 1h vl
5ol 13077 10:14:47 76 min 37 sec I 2o = UHF_COMM 1
] 1300 14:00 20:00 21:00 2z
 Activity Groups l: Mame IUHF_COMM 1

Cruise Phase 1 =
Cruise Phase 2

Entry Descent and Landi : -
SEerceeSscciZ%c:n Sl i Skark Tirmne ISoI 13077 12;52:35

Dawerilink: i Duration 02:00:00
W Activities : . . Sequence 1D |

Cruise
Entry Descent Landing Tvpe LUHF_CorM
PS5

Uplink Pririty | 0

EEFF:EE EPU Category Surface: Housekeeping
Surface: Housekeeping - - Notes |
Surface: PanCam -|

_'J Scheduled

LU 1) Large plans with
MergelTlmeIlne| .. L.
realistic activities

Marme s quCkly assembled ' Kurien-EDL-scenario-10-13-2006 [kurien] (12 activities i 5 groups) Tatal Dak: Duration 0zZ:00:00

# (@) Cruise Phase 1 . Please take a look at this, The EDL numbers seem too short T 0- Energy 1]

# @ Cruise Phase 2 (no kargets) -0- Mon-Critical Data -0-

| (@ Entry Descent and Landing 5l %) %] %]%) -0- Total Data -0-

E (&) surface Science -n-
PaniCam_Mosaic 1

Resources

~Plan Overview Ol citicalpata -0-

puments

PanCam_Mosaic 3 : 7 Plan Tdeniification 2) And saved to a shared
(2 aPxs_INTEGRATE 1 Graup: ISOWG j' database accessible
O PanCam_Mosaic 4 rtran | 10

@) Pancam Mosaic 2 Plan Stats: [working = | from anywhere :
- s con |2 'l
=l (& Downlink - rr— e

Custodian: | karien . Tl

) UHF_comMm 1 o
5 | Motes: I Flease take a look at this. The EDL numbers seem too short| _I LI dirate IIZBUDU vl

?z?;lﬂltah {1 activity) Plan name: |Kurien-EDL-scenario—lD-13-2006 g inde:x |D

| | dpt1 | uhfopt
Merge] Timeline |

@ activity Dictionary @8 Constraints &3 Zane I Cancel | = dpt2 IthDpt

Activities |Sequences| @ UHF CoMM 1 Europa constraint manager Fixc vinlations dpt3 | uhfopt
I§| Eb Cruise —_— . o dur3 ID
O T Mo time-of-sol constraint. The constraints are satisfiable,

hdwa_id | 103

durl |D

average_data_volume I 0

O TCM — 1 terparal violation.

= Entry_Dr k_Landi i min_data_volurme i}
B (£ Entry Descert_Landing lioketbetenporalzonstaint=: The end of Surface Science is after the stark of Downlink. The start of Downlink should be no eatlier than - I

@ pe-orBIT BURN the end of Surface Stience. mav_data_volume | 0
O POWERED DESCENT
@ sTaBILIZATION 1 Flight rule viclation, pass_id ID

E| (= Surface: APXS SC_CPU_Avail oversubscribed by 1.0 at Sol 13077 12:52:35 because of UHE COMM 1 ODY_coherence Inoncoho VI

: critical_data_ok IFALSE 'l
3) Note I've violated flight rules ©b¥_command [Facse =]
of the spacecraft by not turning averags_fud ik _... |0

on required equipment min_Fwd_link_volume ID

Iactlwty narne 'l maz_Fwd_link_wvolume ID
| @Eurepa J
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